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(57) ABSTRACT

Even when the effective radii of wheels differ from each other
because of a change in tire pneumatic pressure, the difference
in driving force between left and right drive wheels are sub-
stantially zeroed to suppress a turning force to thereby
increase the traveling stability. The use is made of a corrector
for correcting a command value to be outputted to a drive
circuit for an electric drive motor for each of the drive wheels.
This corrector receives the steering angle, the respective num-
bers of revolutions of the drive wheels and an electric drive
motor current and corrects with the use of the steering angle
as measured with respect to a traveling direction so that
command values relative to the drive wheels may have such a
relation that the turning force induced in a vehicle as a result
of the difference in effective radius between the drive wheels
can be suppressed.
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1
CONTROL APPARATUS AND CONTROL
METHOD FOR ELECTRICALLY DRIVEN
VEHICLE

CROSS REFERENCE TO THE RELATED
APPLICATION

This application is a continuation application, under 35
US.C. §111(a), of international application No. PCT/
JP2010/071822, filed Dec. 6, 2010, which claims priority to
Japanese patent application No. 2009-281210, filed Dec. 11,
2009, the entire disclosure of which is herein incorporated by
reference as a part of this application.

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to the control of an electri-
cally driven vehicle such as, for example, an automotive
vehicle of a kind having left and right, independent drive
motors.

2. Description of Related Art

The electric motorcar now attracting public attentions is
considered a high performance vehicle as it makes use of left
and right electric motors such as, for example, in-wheel
motors that can be controlled independently from each other.
In most of the electric motorcars currently available in the
market, the electric motors employed are driven according to
either a torque control scheme, that is, a scheme in which the
electric current to be supplied to each of the electric motors is
controlled, or of a scheme in which the number of revolutions
of each of the electric motors is controlled. In those known
control schemes, the drive wheels themselves tend to generate
aturning force or a slewing force in the event that because of,
for example, a change in tire pneumatic pressure, the effective
radius differs between those drive wheels. The patent docu-
ment 1 listed below addresses correction of a difference in
driving force brought about by the difference in tire diameters
and discloses a control method utilizing threshold values to
refrain from exceeding the limit. In this control method, the
difference in driving forces is to a certain extent permissible.

[Patent Document 1] JP Laid-open Patent Publication No.
2006-240402

SUMMARY OF THE INVENTION

The correction of the difference in driving force resulting
from the difference of the tire diameters, which is disclosed in
the patent document 1 listed above, is a control method in
which the threshold values are utilized to avoid a possible
surpass over the limits and, therefore, the difference in driving
forces is permitted to a certain extent. For this reason, an
improvement in vehicle traveling stability is insufficient.

In view of the foregoing, an object of the present invention
is to provide a control device for an electrically powered
vehicle of a type, in which even when the effective radii differ
between left and right vehicle wheels because of a change in,
for example, a tire pneumatic pressure in one or both of the
vehicle wheels, the difference in driving forces between the
left and right vehicle drive wheels can be zeroed to suppress
generation of the turning force to thereby improve the vehicle
traveling stability, and, also, to provide a method of so con-
trolling in the electrically powered vehicle.

The present invention in accordance with one aspect
thereof provides a control device for an electrically powered
vehicle including a plurality of drive wheels capable of
respectively performing left and right drives, which are inde-
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pendent from each other, and electric drive motors for driving
those drive wheels, that is, a control device for an electrically
powered vehicle of a type employing a plurality of drive
wheels, drives of those wheels being performed separately
and independently from each other, and electric drive motors
for driving left and right drive wheels, respectively, separately
and independently from each other. In accordance with the
present invention, the control device for the electrically pow-
ered vehicle referred to above includes a steering angle detec-
tor for detecting the steering angle, which is the angle of turn
of'a steering wheel; a rotational number detector for detecting
the number of revolutions per unitary time of each of the drive
wheels; an electric drive motor current detector for detecting
an electric drive motor current, which is a drive current
applied to an electric drive motor for each of the drive wheels;
a drive command output section capable of outputting a com-
mand value in accordance with an amount of actuation of an
accelerator pedal; and a correcting section for correcting the
command value of an electric current value or the number of
revolutions that is inputted from the drive command output
section so that the corrected command value is outputted to
the drive circuit for the electric drive motor for each of the
drive wheels.

The correcting section referred to above is inputted with
the steering angle detected by the steering angle detector, the
number of revolutions of each of the drive wheels detected by
the rotational number detector and the electric drive motor
current detected by the electric drive motor current detector
and makes use of the steering angle as measured with respect
to a traveling direction and is operable to correct the com-
mand value in accordance with a rule stipulated so that the
relation between the corrected command values to be output-
ted to the respective drive circuits for the left and right drive
wheels is such that rather than the relation between the com-
mand values before being corrected, a turning force induced
in the electrically powered vehicle because of the difference
in effective radius of the drive wheels can be suppressed.

According to the above mentioned aspect of the present
invention, the correcting section referred to above makes use
of the steering angle as measured with respect to a traveling
direction and is operable to correct the command value of the
electric current or the number of revolutions in accordance
with a rule stipulated so that the relation between the cor-
rected command values to be outputted to the respective drive
circuits for the left and right drive wheels is such that rather
than the relation between the command values before being
corrected, a turning force induced in the electrically powered
vehicle because of the difference in effective radius of the
drive wheels can be suppressed. Since using the steering
angle as measured with respect to the traveling direction the
respective electric current values applied to or the respective
numbers of revolutions of the left and right drive wheels are
corrected, it is possible to suppress a generation of the turning
force with the difference in driving force between the left and
right drive wheels set to substantially zero, thereby increasing
the traveling stability.

The rule stipulated for the correcting section depends on
whether the drive command output section is capable of per-
forming the torque control or whether the drive command
output section is capable of performing the rotational number
control.

Where the drive command output section is capable of
performing the torque control of the electric drive motor
referred to above, the stipulated rule followed by the correct-
ing section may have a content which is such that the com-
mand value to be outputted to the drive circuit of each of the
electric drive motors for the left and right drive wheels is
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corrected to establish the following equation when the steer-
ing angle detected by the steering angle detector is zero:

(Number of Revolutions of Left Drive Wheel)x(Drive
Current of Left Drive Wheel)=(Number of Revo-
lutions of Right Drive Wheel)x(Drive Current of
Right Drive Wheel)

Itis to be noted that the wording “the steering angle is zero”
is to be construed as encompassing a range in which steering
can be regarded as indicative of a straight forward travel.

Where the same torque is applied to the left and right
electric drive motors, one of the wheels having a relatively
small effective radius than the other tends to give rise to a
large driving force, which in turn leads to a generation of the
turning force. In the wheel having a small effective radius, the
number of wheel revolutions tends to become high even dur-
ing the straight forward travel of the electrically powered
vehicle as compared with a wheel having a normal size. For
this reason, in the event that the difference in number of
revolutions occurs between the left and right wheels when the
electrically powered vehicle is driven straight forwards with
no steering wheel being turned, it is determined that reduction
of the effective radius of one of the wheels is caused by a
change of the tire pneumatic pressure or the like. Then, the
torque to be applied to the electric drive motor for the wheel
with the high number of revolutions is corrected so as to be
decreased. Accordingly, it is possible to suppress an undesir-
able generation of the turning force caused by the difference
between the respective effective radii of the left and right
drive wheels.

Where the drive command output section is operable to
perform the torque control of the electric drive motor referred
to above, the stipulated rule followed by the correcting sec-
tion may have a content which is such that when the steering
angle detected by the steering angle detector indicates a turn-
ing condition, the radius of turn of the electrically powered
vehicle and the respective theoretical numbers of revolutions
of the left and right drive wheels and the rotation ratios of
those numbers of revolutions (i.e., the left number of revolu-
tions/the right number of revolutions) are determined from
the steering angle. Ifthe detected number of revolutions of the
drive wheel is greater than the theoretical number of revolu-
tions of the drive wheel on the same side, the command value
to be outputted to the drive circuit of one of the electric drive
motors, which exhibits higher rotational speed than that of the
other drive wheel, is corrected by calculating the drive current
of such one of the electric drive motors, so as to establish the
following equation;

(Number of Revolutions of Left Drive Wheel)x(Drive
Current for Left Drive Wheel)=(Ratio of Num-
bers of Revolutions)x(Number of Revolutions of
Right Drive Wheel)x(Drive Current for Right
Drive Wheel)

When the steering wheel is turned, indicating the turning
condition, the theoretical numbers of revolutions of those
drive wheels and the radius of turn of the electrically powered
vehicle are calculated from the steering angle. Then, the ratios
between the detected numbers of revolutions of the drive
wheels and the respective theoretical numbers of revolutions
are determined.

By regarding one of the drive wheels, whose determined
rotational ratio exhibits a greater value than that of the other
drive wheel, as accompanying a reduction in eftective radius
and by correcting so as to reduce the torque, a neutral steer
condition is maintained. Accordingly, it is possible to sup-
press anundesirable generation of the turning force caused by
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4

the difference between the respective effective radii of the left
and right drive wheels resulting from a change in tire pneu-
matic pressure.

Where the drive command output section is operable to
perform the rotational number control of the electric drive
motor referred to above, the stipulated rule followed by the
correcting section may have a content which is such that when
the steering angle detected by the steering angle detector is
zero, and in the event that one of the drive wheels is driven
under braking operation, the torque applied to the electric
drive motor for the drive wheel driven under braking opera-
tion is released so that the commanded number of revolutions,
which is the drive command value outputted from the drive
command output section, is corrected to the number of revo-
Iutions detected by the rotational number detector during a
free revolution, with such one of the drive wheels subse-
quently re-driven.

If the left and right electric drive motors are operated to
rotate at the same number of revolutions, one of the drive
wheels, which has a smaller effective radius than that of the
other of the drive wheels, is likely to rotate at a high speed as
led by the other of the drive wheels, which then has the larger
effective radius, and, therefore, the drive command output
section controls the number of revolutions so as to be sup-
pressed, wherefore the turning force comes to be generated.

In the event that when the steering wheel is not turned,
indicating a straight forward traveling condition, the drive
wheel is driven under braking operation, the torque applied to
the electric drive motor for the drive wheel driven under
braking operation is released so that the commanded number
of revolutions is corrected to the number of revolutions
detected as a result of such free revolution, with such one of
the drive wheels subsequently re-driven. Accordingly, it is
possible to suppress the generation of the turning force, which
would result from the presence of a difference in effective
radius between those drive wheels.

Where the drive command output section is operable to
perform the rotational number control of the electric drive
motor referred to above, the stipulated rule followed by the
correcting section may have a content which is such that when
the steering angle detected by the steering angle detector
indicates the turning condition, and in the event that one of the
drive wheels is driven under braking operation, the torque
applied to the electric drive motor for the drive wheel driven
under braking operation is released to allow it to undergo a
free revolution so that the number of revolutions detected by
the rotational number detector during the free revolution is
outputted as the corrected command value, with such one of
the drive wheels subsequently re-driven.

Inthe event that the steering wheel is turned, indicating the
turning condition, the theoretical numbers of revolutions and
the radius of turn of the electrically powered vehicle are
calculated from the steering angle. Then, the drive wheels are
so controlled in their numbers of revolutions so as to attain
such calculated numbers of revolutions, respectively. When at
this time one of the drive wheels is driven under the braking
operation, the torque applied to the electric drive motor for the
drive wheel driven under braking operation is released so that
the number of revolutions detected as a result of such free
revolution is applied as the commanded number of revolu-
tions, which will become the corrected command value, with
such one of the drive wheels subsequently re-driven. Accord-
ingly, the neutral steer condition is maintained and it is pos-
sible to suppress an undesirable generation of the turning
force in the electrically powered vehicle as a result of the
difference in effective radius of the drive wheel.
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In any one of the foregoing preferred embodiments of the
present invention, the stipulated rule followed by the correct-
ing section may have a content which is such that an average
value of the ratios between the effective radii of the drive
wheel, which were obtained from a number of correcting
controls, is stored and from this average value the corrected
command value is roughly corrected. The utilization of the
average value as discussed above is effective to perform a
further stabilized control.

The present invention in accordance with another aspect
thereof provides a method of controlling an electrically pow-
ered vehicle including a plurality of drive wheels capable of
respectively performing left and right drives, which are inde-
pendent from each other, and electric drive motors for driving
those drive wheels. In the method, a command value is so
corrected by a correcting section for correcting the command
value of an electric current value or a number of revolutions
inputted from a drive command output section, which is
capable of outputting a command value in accordance with an
amount of actuation of an accelerator pedal, the corrected
command value being to be outputted to a drive circuit for the
electric drive motor for each of the drive wheel, that using
various detection values representative of the number of revo-
Iutions per unitary time of each of the drive wheels and the
electric drive motor current, which is a drive current applied
to the electric drive motor for each of the drive wheels, and
also using a steering angle as measured with respect to a
traveling direction, in accordance with a rule stipulated so that
the relation between corrected command values to be output-
ted to the respective drive circuits for the left and right drive
wheels is such that rather than the relation between the com-
mand values before being corrected, a turning force induced
in the electrically powered vehicle because of the difference
in effective radius of the drive wheels can be suppressed.

According to the second mentioned aspect of the present
invention, in a manner similar to that described in connection
with the control device for the electrically powered vehicle,
which is designed in accordance with the first mentioned
aspect of the present invention, since using the steering angle
as measured with respect to the traveling direction, the num-
ber of revolutions of the left or right wheels or the electric
current value is corrected, the difference in driving force
between the left and right drive wheels can be zeroed to
thereby suppress the generation of the turning force and,
therefore, the traveling stability can be increased advanta-
geously.

In one preferred embodiment of the control method
referred to above, and particularly where the drive command
output section is operable to perform the torque control of the
electric drive motor, the stipulated rule followed by the cor-
recting section may have a rule which is such that the com-
mand value to be outputted to the drive circuit of each of the
electric drive motors for the left and right drive wheels is
corrected to establish the following equation when the steer-
ing angle detected by the steering angle detector is zero:

(Number of Revolutions of Left Drive Wheel)x(Drive
Current for Left Drive Wheel)=(Number of

Revolutions of Right Drive Wheel)x(Drive Cur-
rent for Right Drive Wheel)

In the case of this method, in a manner similar to that
described in connection with the control device for the elec-
trically powered vehicle, which is designed in accordance
with the first mentioned aspect of the present invention, in the
event that the difference in number of revolutions between the
left and right wheels is observed, reduction of the effective
radius brought about by, for example, a change in tire pneu-
matic pressure is determined and correction is made to reduce
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the torque of to the electric drive motor with the high number
of revolutions is corrected and, accordingly, the generation of
the turning force can be advantageously suppressed.

In one preferred embodiment of the control method
referred to above, and particularly where the drive command
output section is operable to perform the torque control of the
electric drive motor, the stipulated rule followed by the cor-
recting section may have a rule which is such that when the
steering angle detected by the steering angle detector indi-
cates a turning condition, the radius of turn of the electrically
powered vehicle and the respective theoretical numbers of
revolutions of the left and right drive wheels and the rotation
ratios of those numbers of revolutions (i.e., the left number of
revolutions/the right number of revolutions) are determined
from the steering angle. If the detected number of revolutions
of the drive wheel is greater than the theoretical number of
revolutions of the drive wheel on the same side, the command
value to be outputted to the drive circuit of one of the electric
drive motors, which exhibits higher rotational speed than that
of'the other drive wheel, is corrected by calculating the drive
current of such one of the electric drive motors, so as to
establish the following equation;

(Number of Revolutions of Left Drive Wheel )x(Drive
Current for Left Drive Wheel)=(Ratio of Num-
bers of Revolutions)x(Number of Revolutions of

Right Drive Wheel)x(Drive Current for Right
Drive Wheel)

In such case, in a manner similar to that described in
connection with the first mentioned aspect of the present
invention that provides the control device of the type, in
which the torque control is performed, one of the drive
wheels, whose rotation ratio between the detected numbers of
revolutions of the drive wheel and the theoretical number of
revolutions is greater than that of the other drive wheel is
regarded as having a reduction in effective radius and correc-
tion is therefore made to reduce the torque and, accordingly,
the neutral steer condition can be maintained and the genera-
tion of the turning force resulting from the presence of the
difference in effective radius between the left and right drive
wheels can be suppressed.

BRIEF DESCRIPTION OF THE DRAWINGS

In any event, the present invention will become more
clearly understood from the following description of pre-
ferred embodiments thereof, when taken in conjunction with
the accompanying drawings. However, the embodiments and
the drawings are given only for the purpose of illustration and
explanation, and are not to be taken as limiting the scope of
the present invention in any way whatsoever, which scope is
to be determined by the appended claims. In the accompany-
ing drawings, like reference numerals are used to denote like
parts throughout the several views, and:

FIG. 1 is an explanatory diagram showing a conceptual
construction illustrative of a control device for an electrically
powered vehicle and a control method therefor, both designed
in accordance with a preferred embodiments of the present
invention; and

FIG. 2 is an explanatory diagram showing the relationship
between the number of revolutions of each of vehicle drive
wheels, driving torques and radii of turn, which are exhibited
during the cornering of the electrically powered vehicle.

DESCRIPTION OF PREFERRED
EMBODIMENTS

A preferred embodiment of the present invention will now
be described in detail with reference to the accompanying
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drawings. FIG. 1 illustrates a conceptual construction of an
electrically powered vehicle equipped with a control device
for the electrically powered vehicle designed in accordance
with the preferred embodiment of the present invention. The
electrically powered vehicle, hereinafter referred to as a
vehicle 1, is a four wheeled automotive vehicle including left
and right rear wheels, which are rendered to be vehicle drive
wheels 2, and left and right front wheels, which are rendered
to be vehicle driven and steering wheels 3. Each of those drive
and driven wheels 2, 3 is a wheel having a corresponding tire
(not shown). The left and right drive wheels 2 and 2 are driven
by respective electric drive motors 4 and 4 that are separate
and independent from each other. Each of those drive wheels
2 is supported by a vehicle body structure of the vehicle 1
through respective wheel support bearing assemblies 5. Each
of the electric drive motors 4 is an in-wheel motor having a
part thereof or the whole thereof incorporated within the
associated drive wheel 2 and being operable to transmit a
rotation to the associated drive wheel 2 through a reduction
gear unit 6. Those electric drive motors 4, reduction gear units
6 and wheel support bearing assemblies 5 altogether form
respective in-wheel motor units. It is, however, to be noted
that each of the electric drive motors 4 may be of a type
capable of rotationally drive the associated drive wheel 2
directly and without any reduction gear unit 6.

Each of the electric drive motors 4 is in the form of, for
example, a synchronous motor and is controlled by a drive
circuit 11 including an inverter. The drive circuit 11 employed
for each of the left and right drive wheels 2 and 2 includes a
power circuit unit 11a, which utilizes a direct current of a
battery (not shown) as an electric power source to output an
electric drive current of each phase of the associated electric
drive motor 4, and a control unit 115 for outputting of an
electric voltage waveform or the like of each phase, that will
becomes an alternating current of the power circuit unit 11a,
in dependence on an inputted command value, to thereby
control the power circuit unit 11a. The command value so
inputted to the control unit 116 and referred to above is
represented by the torque value or the number of revolutions
(i.e., the number of revolutions per unitary time).

The vehicle 1 is provided with various sensors such as, for
example, a steering angle detector 8 for detecting the angle of
asteering wheel 7, an actuation amount detector 22 for detect-
ing the amount of actuation of an accelerator pedal, rotational
number detectors 9 for detecting the numbers of revolutions
per unitary time of the respective drive wheels 2, and electric
drive motor current detectors 10 for detecting respective elec-
tric motor currents, each of which is the drive current applied
to the electric motor 4 for each of the drive wheels 2. It is,
however, to be noted that in addition to the use of those
detectors referred to above, the use may be additionally made
of rotational number detectors (not shown) for detecting the
respective numbers of revolutions of the respective driven
wheels 3 and load detectors (also not shown) for detecting
respective loads acting on the vehicle wheels 2 and 3.

The vehicle 1 is also provided with an electric control unit
(ECU) 12 for controlling the vehicle in its entirety, and this
electric control unit 12 is in turn provided with a drive com-
mand output section 13 for outputting a command value to
each of the electric drive motors 4 for the respective drive
wheels 2, a correcting section 14 and a feedback control
section 15. The drive command output section 13 has as a
basic function, a function of outputting the command value,
which is dependent on the amount of actuation of the accel-
erator pedal to each ofthe drive circuits 11 for the respective
drive wheels 2, and may be of a type capable of outputting the
command value, which has been corrected on the basis of
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respective detection values of the various detectors provided
in the vehicle 1. The drive command output section 13 may be
of a type capable of performing either a torque control or a
rotational number control. This drive command output sec-
tion 13 outputs a torque value as the command value, if it is of
the type capable of performing the torque control, but the
number of revolutions if'it is of the type capable of performing
the rotational number control.

The feedback control section 15 referred to above is a
means for performing a feedback control to the command
value which has been corrected by the correcting section 14.
This feedback control section 15, where the torque control is
performed, performs a feedback control on the command
value of the electric drive motor current to be outputted in
dependent on the torque value obtained from an electric drive
motor current value detected by the electric drive motor cur-
rent detector 10. On the other hand, the feedback control
section 15, where the rotational number control is performed,
performs a feedback control on the command value of the
number of revolutions to be outputted in dependent on the
number of revolutions detected by the rotational number
detector 9.

The correcting section 14 referred to above is a means for
performing, among various corrections performed in the elec-
tric controlunit 12, a correction in the event that the respective
effective radii of the left and right drive wheels 2 and 2 differ
from each other as a result of a change in tire pneumatic
pressure or the like. The correcting section 14 performs the
correction of the command value, which is to be outputted
from the electric control unit 12 to each of the drive circuit 11,
in accordance with a predetermined rule RL. This correcting
section 14 is adapted to be inputted with, in addition to the
command value referred to above, pieces of information nec-
essary for the correction including a steering angle detected
by the steering angle detector 8, the number of revolutions
(the number of revolutions per unitary time) detected by each
of the rotational number detectors 9 for the respective drive
wheels 2, and electric motor currents detected by the electric
drive motor current detectors 10 for the respective electric
motors 4 in the drive wheels 2.

The rule RL of the correcting section 14 referred to above
is a rule used to correct the command value by using the
detected steering angle as measured with respect to a travel-
ing direction and is stipulated so that the relation between the
corrected command values to be outputted to the respective
drive circuits 11 for the respective left and right drive wheels
2, with respect to the detected number of revolutions of each
of the drive wheels 2 and the inputted electric drive motor
current will be such that rather than the relation between the
command values before being corrected, the turning force
induced in the vehicle 1 due to the difference in effective
radius of the drive wheels 2 can be suppressed.

Specifically, the rule RL ofthe correcting section 14 differs
depending on whether the drive command output section 13
performs the torque control or whether it performs the rota-
tional number control. In the first place, the case applicable
where the drive command output section 13 performs the
torque control will be described. In this case, the rule RL has
the following contents to perform either one of the following
procedures (1) and (2).

(1) When the inputted steering angle is zero:

The command value to be outputted to the drive circuit 11
of'each ofthe electric drive motors 4 for the left and right drive
wheels 2 is so corrected as to establish the following equation:

(Number of Revolutions of Left Drive Wheel )x(Drive
Current for Left Drive Wheel)=(Number of

Revolutions of Right Drive Wheel)x(Drive Cur-
rent for Right Drive Wheel)



US 9,211,807 B2

9

(2) When the detected steering angle indicates the turning
condition, the radius of turn R of the vehicle 1 and the
respective theoretical numbers of revolutions of the left and
right drive wheels 2 and 2 and the rotation ratios of those
theoretical numbers of revolutions (i.e., the left number of
revolutions/the right number of revolutions) are deter-
mined from the detected steering angle. If the detected
number of revolutions of the drive wheel 2 is greater than
the theoretical number of revolutions of the drive wheel on
the same side, the command value to be outputted to the
drive circuit 11 of one of the electric drive motors 4, which
exhibits higher rotational speed than that of the other drive
wheel 2, is corrected by calculating the drive current of
such one of the electric drive motor 4, so as to enable the
latter to assume the following equation;

(Number of Revolutions of Left Drive Wheel)x(Drive
Current of Left Drive Wheel)=(Ratio of Numbers
of Revolutions)x(Number of Revolutions of
Right Drive Wheel)x(Drive Current of Right
Drive Wheel)

With particular reference to FIG. 2, the relation between
the number of revolutions of each of the wheels, the drive
torque applied to each of the wheels and the radius of turn of
each of the wheels will now be described. Assuming that the
following nomenclatures are expressed by the following sym-
bols;

R: Radius of turn of the vehicle

D: Tread

H: Wheel base

Nfl: Number of revolutions of the front left wheel

Nfr: Number of revolutions of the front right wheel

Nrl: Number of revolutions of the rear left wheel

Nrr: Number of revolutions of the rear right wheel

Trl: Drive torque of the rear left wheel

Trr: Drive torque of the rear right wheel

Rfl: Radius of turn of the front left wheel

Rfr: Radius of turn of the front right wheel

Rrl: Radius of turn of the rear left wheel

Rrr: Radius of turn of the rear right wheel
the following equations (I) and (II) establish:

NfI/RA=N{r/Rfr=Nrl/Rrl=Nr1/Rer 4]

Trl=Trr (1)

The number of revolutions Nrl of the rear left wheel and the
number of revolutions Nrr of the rear right wheel, both in the
equation (I) represent the respective theoretical numbers of
revolutions of the left and right drive wheels 2 and 2.

The operation of the control device so configured as here-
inabove described will now be described. In the case of the
torque control type drive wheel, the operation takes place in
the following manner.

In the event that the left and right drive wheels 2 and 2 are
caused to generate respective torques that are equal to each
other, one of the drive wheels 2 and 2, which has the smaller
radius than that of the other drive wheel, will transmit a
relatively large driving force to the ground surface, resulting
in generation of the turning force. In such drive wheel 2
having the small radius, because of the relatively small effec-
tive radius, the number of revolutions of the wheel even
during the straight forward travel of the vehicle tends to
become larger than that exhibited by the other wheel.

In view of the above, when the vehicle 1 is traveling
straight forwards with the steering wheel 7 having been not
turned, but accompanying a difference in number of revolu-
tions of the left and right drive wheels 2 and 2, the correcting
section 14 determines a reduction of the effective radius of
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one of the wheels as a result of, for example, a change in tire
pneumatic pressure of the wheel and then corrects the drive
motor torque, which is on the wheel of the higher number of
revolutions, so as to reduce such drive motor torque. Accord-
ingly, it is possible to suppress a generation of the turning
force resulting from the difference between the respective
effective radii of the left and right drive wheels 2 and 2 caused
by, for example, the change in tire pneumatic pressure of the
wheel.

Also, when the vehicle 1 is curving with the steering wheel
7 thereof having been turned, the radius of turn R of the
vehicle 1 and the theoretical numbers of revolutions of each of
the drive wheels 2 and 2 are calculated from the steering angle
and the rotation ratios of the detected numbers of revolutions
of the drive wheels to the respective theoretical numbers are
determined. One of the drive wheels, whose determined rota-
tional ratio exhibits a greater value than that of the other drive
wheel, is regarded as accompanying a reduction in effective
radius and the correction is made so as to reduce the torque on
the wheel to thereby maintain a neutral steer condition.
Accordingly, it is possible to suppress a generation of the
turning force resulting from the difference between the
respective effective radii of the left and right drive wheel 2 and
2 that is caused by, for example, the change in tire pneumatic
pressure of the wheel.

The contents of the rule RL utilized by the correcting
section 14 as hereinabove described, which is applicable
where the drive command output section 12 performs the
rotational number control, will be described hereinafter. In
such case, the rule RL has the following contents to perform
either one of the following procedures (3) and (4).

(3) When the detected steering angle is zero, and in the event
that one of the drive wheels 2 is driven under braking
operation, the torque applied to the electric drive motor for
the drive wheel 2 driven under braking operation is
released so that the commanded number of revolutions,
which is the drive command value outputted from the drive
command output section 13, is corrected to the number of
revolutions detected by the rotational number detector 9
during a free revolution, with such one of the drive wheels
subsequently re-driven.

(4) When the steering angle detected by the steering angle
detector indicates the turning condition, and in the event
that one of the drive wheels 2 is driven under braking
operation, the torque applied to the electric drive motor for
the drive wheel 2 driven under braking operation is
released to allow it to undergo a free revolution so that the
number of revolutions detected by the rotational number
detector 9 during the free revolution can be applied as a
commanded number of revolutions, which will become the
command value after the correction, with such one of the
drive wheels subsequently re-driven.

In the case of the rotational number control type drive
wheel, the following operation takes place:

If the electric drive motors 4 and 4 for the respective left
and right drive wheels 2 and 2 are driven at the same number
of revolutions, one of the drive wheels 2, which has a smaller
effective radius than that of the other of the drive wheels, is
likely to rotate at a high speed as led by the other of the drive
wheels 2, which then has the larger effective radius, and,
therefore, the drive command output section 13 controls the
number of revolutions so as to be suppressed, wherefore the
turning force comes to be generated.

In the event that the drive wheel 2 is driven under braking
operation while the vehicle is traveling straight forwards with
the steering wheel 7 not yet turned, the torque applied to the
electric drive motor 4 for the drive wheel 2 driven under
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braking operation, is released and the commanded number of
revolutions is corrected to the number of revolutions detected
during the free revolution, with such drive wheel subse-
quently re-driven. Since the condition of free revolution is a
condition, in which neither the driving force nor the braking
force is generated, the number of revolutions detected during
the free revolution is rendered to be the commanded number
of revolutions after correction if the vehicle is traveling along
a target excursion. With this number of revolutions, no turn-
ing force is generated in the vehicle. Accordingly, it is pos-
sible to suppress the generation of the turning force, which
would result from the presence of a difference in effective
radius between those drive wheels.

If the steering wheel 7 is turned, indicating the turning
condition, the radius of turn R of the vehicle 1 and the theo-
retical numbers of revolutions of the drive wheels 2 are cal-
culated from the steering angle and the numbers of revolu-
tions of the drive wheels 2 are controlled so as to attain the
theoretical numbers of revolutions.

In the event that at that time the drive wheel 2 is driven
under braking operation, the torque applied to the electric
drive motor 4 for that drive wheel 2 is released and, the
commanded number of revolutions is corrected to the number
ofrevolutions detected during a free revolution, with the drive
wheel subsequently re-driven, to thereby maintain a neutral
steer condition. Accordingly, it is possible to suppress the
generation of the turning force in the vehicle as a result of the
difference in effective radius between the drive wheels.

Itis to be noted that in the practice of the foregoing embodi-
ment of the present invention, in the case where either the
torque control type drive wheels or the rotational number
control type drive wheels are employed, the correcting sec-
tion 14 referred to above may have the rule RL of a kind
having such rule contents that based on the correction control
performed a number of times by the correcting section 14, the
average value of the ratios between the effective radii of the
drive wheels 2 can be stored, that is, the average value of those
ratios between the effective radii, exhibited when calculated
by means of the correction control performed a number of
times, is stored and from this average value, the command
value is roughly corrected. If the average value discussed
above is used, the control can be performed further stably.

Although the present invention has been fully described in
connection with the preferred embodiments thereof with ref-
erence to the accompanying drawings which are used only for
the purpose of illustration, those skilled in the art will readily
conceive numerous changes and modifications within the
framework of obviousness upon the reading of the specifica-
tion herein presented of the present invention. Accordingly,
such changes and modifications are, unless they depart from
the scope of the present invention as delivered from the claims
annexed hereto, to be construed as included therein.

REFERENCE NUMERALS

. Vehicle (Electrically powered vehicle)
. Drive wheel

. Driven wheel

. Electric Drive Motor

. Steering wheel

. Steering angle detector

. . Rotational number detector
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1. .. Drive circuit
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12 . .. Electric control unit
13 .. . Drive command output section
14 . . . Correcting section
21 ... detector
22 ... Accelerator pedal
RL ...Rule

What is claimed is:

1. A control device for controlling an electrically powered
vehicle including a plurality of drive wheels capable of
respectively performing left and right drives, which are inde-
pendent from each other, and electric drive motors for driving
the respective drive wheels, which device comprises:

a steering angle detector for detecting the steering angle,

which is the angle of turn of a steering wheel;

a rotational number detector for detecting the number of
revolutions per unitary time of each of the drive wheels;

an electric drive motor current detector for detecting an
electric drive motor current, which is a drive current
applied to the electric drive motor for each of the drive
wheels;

a drive circuit for the electric drive motor for each of the
drive wheels;

a drive command output section capable of outputting a
command value of an electric current in accordance with
an amount of actuation of an accelerator pedal; and

a correcting section for correcting the command value of
the electric current that is inputted from the drive com-
mand output section so that the corrected command
value is outputted to the drive circuit for the electric drive
motor for each of the drive wheels;

wherein the correcting section makes use of the steering
angle detected by the steering angle detector as a trav-
eling direction and is operable to correct the command
value so that the relation between the numbers of revo-
lutions per unitary time of the respective left and right
drive wheels detected by the rotational number detector
and the electric drive motor currents applied to the elec-
tric drive motors for the respective left and right drive
wheels detected by the electric drive motor current
detector is such that a turning force induced in the elec-
trically powered vehicle because of the difference in
effective radius of the drive wheels can be suppressed.

2. The control device as claimed in claim 1, wherein the
correcting section corrects the command value to be output-
ted to the drive circuit of each of the electric drive motors for
the left and right drive wheels to establish the following
equation if the steering angle detected by the steering angle
detector is zero:

(Number of Revolutions of Left Drive Wheel )x(Drive
Current for Left Drive Wheel)=(Number of
Revolutions of Right Drive Wheel)x(Drive Cur-
rent for Right Drive Wheel).

3. The control device as claimed in claim 1, wherein the
correcting section determines if the steering angle detected by
the steering angle detector is not equal to zero, the radius of
turn of the electrically powered vehicle and the respective
theoretical numbers of revolutions of the left and right drive
wheels and the rotation ratio of those numbers of revolutions
from the steering angle and, if the detected number of revo-
Iutions of the drive wheel is greater than the theoretical num-
ber of revolutions of the drive wheel on the same side, corrects
the command value to be outputted to the drive circuit of one
of' the electric drive motors, which exhibits higher rotational
speed than that of the other drive wheel by calculating the
drive current of such one of the electric drive motors, so as to
establish the following equation:
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(Number of Revolutions of Left Drive Wheel)x(Drive
Current for Left Drive Wheel)=(Ratio of Num-
bers of Revolutions)x(Number of Revolutions of
Right Drive Wheel)x(Drive Current for Right
Drive Wheel).

4. A control device for controlling an electrically powered
vehicle including a plurality of drive wheels capable of
respectively performing left and right drives, which are inde-
pendent from each other, and electric drive motors for driving
the respective drive wheels, which device comprises:

a steering angle detector for detecting the steering angle,

which is the angle of turn of a steering wheel;

a rotational number detector for detecting the number of
revolutions per unitary time of each of the drive wheels;

a drive circuit for the electric drive motor for each of the
drive wheels;

a drive command output section capable of outputting a
command value of the number of revolutions per unitary
time in accordance with an amount of actuation of an
accelerator pedal; and

a correcting section for correcting the command value of
the number of revolutions that is inputted from the drive
command output section so that the corrected command
value is outputted to the drive circuit for the electric drive
motor for each of the drive wheels,

wherein in the event that one of the drive wheels is led by
the other of the drive wheels a torque applied to the
electric drive motor for the one of the drive wheels is
temporarily released, so that the rotational number
detector detects the number of revolutions per unitary
time of such drive wheel during a free revolution, and

wherein the correcting section makes use of the steering
angle detected by the steering angle detector as a trav-
eling direction, and corrects the command value to the
number of revolutions per unitary time detected by the
rotational number detector during a free revolution.

5. A method of controlling an electrically powered vehicle
including a plurality of drive wheels capable of respectively
performing left and right drives, which are independent from
each other, and electric drive motors for driving those drive
wheels, the method comprising:

detecting a steering angle, which is an angle of turn of a
steering wheel;

detecting a number of revolutions per unitary time of each
of the drive wheels;
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detecting an electric drive motor current, which is a drive
current applied to the electric drive motor for each of the
drive wheels;

providing a command value of an electric current value in

accordance with an amount of actuation of an accelera-
tor pedal;

wherein the providing the command value includes cor-

recting the command value, with using the detected
steering angle as a traveling direction,

so that the relation between the detected numbers of revo-

lutions per unitary time of the respective left and right
drive wheels and the detected electric drive motor cur-
rents applied to the electric drive motors for the respec-
tive left and right drive wheels is such that a turning force
induced in the electrically powered vehicle because of
the difference in effective radius of the drive wheels can
be suppressed.

6. The method as claimed in claim 5, wherein the providing
the command value includes correcting the command value to
be outputted to the drive circuit of each of the electric drive
motors for the left and right drive wheels to establish the
following equation if the detected steering angle is zero:

(Number of Revolutions of Left Drive Wheel )x(Drive
Current for Left Drive Wheel)=(Number of

Revolutions of Right Drive Wheel)x(Drive Cur-
rent for Right Drive Wheel).

7. The method as claimed in claim 5, wherein the providing
the command value includes determining if the detected
steering angle is not equal to zero, the radius of turn of the
electrically powered vehicle and the respective theoretical
numbers of revolutions of the left and right drive wheels and
the rotation ratio of those numbers of revolutions from the
steering angle and, if the detected number of revolutions of
the drive wheel is greater than the theoretical number of
revolutions ofthe drive wheel on the same side, correcting the
command value to be outputted to the drive circuit of one of
the electric drive motors, which exhibits higher rotational
speed than that of the other drive wheel by calculating the
drive current of such one of the electric drive motors, which
establishes the following equation:

(Number of Revolutions of Left Drive Wheel )x(Drive
Current for Left Drive Wheel)=(Ratio of Num-
bers of Revolutions)x(Number of Revolutions of

Right Drive Wheel)x(Drive Current for Right
Drive Wheel).



